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Abstract

Title of Dissertation:

A Study on PSCO Intelligent Decision Support System
in China

Degree:

MSc

Port State Control (PSC) is known as the "last barrier" to ensure shipping safety and
environmental protection. In recent years, with the rapid development of shipping,
the number of PSC inspections has largely increased in China, which has also lead to
the exposure of problems existing in PSC work, such as low inspection efficiency,
excessive reliance on the personal experience of inspectors, weak inspection
pertinence, low inspection quality, and low computerized level in the inspection
process. The existence of the above problems has largely restricted the supervision
efficiency of China's maritime supervision on foreign ships, which is not conducive
to better play the positive role of PSC inspection in ensuring the safety of ships and
preventing pollution from ships. In this background, in order to further enhance the
efficiency, quality, harmony and unity of PSC inspection, effectively promote the
development of the shipping safety and environmental protection, this paper analyzes
the current existing problems and difficulties in Chinese PSC inspections. Relying on
advanced Internet information and big data technology, combined with the actual
needs and requirements of working procedure of PSC inspection, PSCO intelligent
decision support system is proposed to solve the existing problems. Through the
design description of the database structure and functional process of the system, a
set of scientific decision support system which can effectively improve the efficiency
and quality of PSC inspection is preliminarily constructed. The PSC system currently
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in trial operation of Jiangsu Maritime Safety Administration is selected as the
realization case of the system, and the feasibility of some designed functions is
verified.

KEY WORDS: PSC, intelligent decision support system, efficiency, quality,
coordination and unification
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Chapter 1 Introduction
1.1 Research background

The ocean makes up 71 percent of the earth's surface, and the world is more
connected therefore. Shipping, an ancient human activity, has always played a key
role in the global economy and trade. Nearly 80 percent of world trade is now carried
by shipping. In recent years, with the continuous growth of global trade and the rapid
development of science and technology, shipping has also entered the fast lane of
accelerated development. According to “Review of Maritime Transport 2020”, the
report on global maritime development by UN Conference on Trade and
Development (UNCTAD), there are a total of 98,140 ships of 100 gross tons and
above, equivalent to 2,061,944,484 dwt of capacity in early 2020, with the global
commercial shipping fleet increased by 4.1% in the 12 months prior to 1 January
2020 (UNCTAD, 2020). Although the sudden COVID-19 epidemic has brought a
serious strike to global shipping, the shipping industry still maintains an irreplaceable
major role of transportation in international trade by its own advantages such as large
capacity, large volume, low freight and strong adaptability to goods.

Port State Control (PSC) is the inspection of foreign ships in national ports to verify
that the condition of the ship and its equipment comply with the requirements of
international regulations and that the ship is manned and operated in compliance with
these rules (IMO). An increasing number of international conventions to maintain
marine safety, crew training and pollution prevention have been made to improve the
general condition of shipping (Veiga, 2002). The duty of implementing these
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conventions was initially carried out by Flag State. Since the Amoco Cadiz
grounding accident in 1978, the PSC inspection mechanism has gradually come into
people's eyes, and played a positive role in cracking down the substandard ships
around the world. Therefore, the PSC is also called the "last barrier" to ensure the
safety of shipping, or it is seen as the “second line” while the flag state is seen as the
“first line” of defense in eliminating substandard ships (Knapp & Franses, 2007).

With the rapid development of seaborne trade, the number and the frequency of
transportation between ports around the world has been rising. At the same time,
accidents caused by maritime transportation bringing threats and risks to the marine
environment (Yang et al., 2018). For this reason, the demand of PSC inspections for
ships entering its certain port is constantly increasing, which puts forward higher
requirements for the efficiency and quality of PSC inspection. PSC inspections with
high efficiency and quality can not o nly quickly and accurately identify the
deficiencies of the target ship in terms of safety and environmental protection, and
make sure that they will be rectified timely, but also reflect the ability of Port State to
perform their international duties and enhance their international images. Therefore,
how to improve the efficiency and quality of the PSC inspection has become an
important issue faced by the competent authorities of Port State. At present, the PSC
inspection in China still presents the characteristics of traditional style. The
inspection is carried out mainly by the personal understanding of the conventions and
regulations and the previous working experience of PSCO. Since the objective and
unified evaluation and decision-making standards have not been set yet, it is difficult
to comprehensively and accurately grasp all the relevant requirements of
international conventions and regulations, and errors are likely to occur in issuing
deficiencies and quoting clauses. The digitalization of the inspection process is still
underway, so that currently the level of intelligence and efficiency is not high. The
2

traditional method, i.e. manually filling in the paper of inspection report on the spot
and then typing the information into the computer system afterwards, is still used in
many ports. The PSCO training in different regions is not unified, leading to the
differences in their working ability levels, so that the inspection quality is difficult to
guarantee. Based on the above problems, in the context of the continuous maturity of
computer information Internet, big data, artificial intelligence and other digital
technologies, and in the face of the urgent need to improve the efficiency and quality
of PSC inspection, it is necessary to study the existing problems in the current PSC
inspection process and put forward effective solutions. Therefore, this paper takes the
starting point of enhancing the PSC inspection efficiency, quality, harmony and
unification, explores the history of PSC inspection and the development of decision
support system for the PSCO at home and abroad, analyzes the problem and
difficulties currently existing in China, and comes up with the idea of constructing
PSCO intelligent decision support system with the consideration of actual needs of
on-site PSC inspection.
1.2 Significance of research

It is of great significance to explore the construction of PSCO intelligent decision
support system for improving the inspection efficiency and regional coordination and
unification of PSC activities. It is mainly reflected in the following aspects:

First, effectively improving the efficiency of PSC inspection. With the increasing
number of foreign ships berthing in China, the number of PSC inspections has also
increased rapidly. Since 2010, the number of PSC inspections in China has risen
rapidly to 8,000 inspections per year, accounting for 30% of the total inspections in
the Asia-Pacific region and 10% of the total inspections in the world (Li & Han,
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2017). Faced with such a heavy workload, if the PSC inspection is still carried out
through the traditional inspection mode and system, the inspection efficiency cannot
meet the requirements, and the PSCO will also face great pressure of workload.
Therefore, the construction of PSCO intelligent decision support system through
digital and intelligent means can reduce the inefficient parts in the current PSC
inspection process, such as target ship selection, paper report issuance, convention
articles searching, repeat information entering, etc., so that the computer can do more
repetitive works instead of PSCO, and effectively improve the work efficiency of
PSC.

Second, ensuring the quality of PSC inspection. High-quality PSC inspection can
find out the deficiencies of ships and make them rectified in time, so that risks of
ship can be prevented and controlled. It is of great significance for ensuring the
safety of shipping and pollution prevention. But in practice, whether it is a too "lax"
inspection with clean report (there is no deficiencies found during this inspection) or
a too "strict" inspection with improper detention (the ship cannot leave the port area
until the deficiencies rectified), they can all be regarded as PSC inspections with low
quality which might bring unpredictable losses to the ship, and lead to complaints
towards PSCOs and Port State authorities. However, due to the problems like
differences in PSCO capability levels, large discretionary space, and imperfect report
review and post-evaluation mechanism, PSCO sometimes give out wrong
deficiencies or inappropriate reference convention provisions. Therefore, the
intelligent decision support system of PSCO can increase the scientificity and
pertinence of the inspection, reduce the probability of human error and improve the
quality of PSC inspection through the functions of intelligent notification of key
items to inspect, automatic matching of common deficiencies description, online
review of reports, real-time consultation of experts and so on.
4

Third, it is conducive to the coordination and unification of PSC inspection. Due to
the internationalization of shipping itself, ships can freely choose to call at ports
around the world. Therefore, only the coordinated and unified PSC inspection on
global scale can effectively combat substandard ships. Otherwise, the shipping
market will be distorted by the phenomenon called “port-shopping”, a strategic
practice by some operators who choose certain ports/regions over others because of
their less stringent PSC standards (McDorman, 2000). The overall effect of PSC
inspection will be greatly reduced under this condition. The research shows the
performance of 9 MoUs were varied and thus a system should be advised to be
established so that more advanced MoUs could assist those less advanced MoUs
(Bang & Jang, 2012). On a country level, regional differences may be induced by the
different development situation and peculiarities within different regions (Plaza,
1994).

Therefore, through the establishment of a unified and intelligent algorithm model of
generating scientific and accurate checklist, the PSCO intelligent decision support
system could raise efficiency and quality of inspection, realize a relative unification
of decision making on a larger scale, reduce the adverse effects of PSCO’s discretion,
and promote the PSC inspection towards the direction of specialization and
standardization.

Fourth, accelerating talent training of PSCO. PSCO is the main executor of PSC
inspection, and the differences in professional background, work experience, training
and other aspects will inevitably affect the ability level of PSCO. In view of the
professional nature of PSC inspection, the training cycle of a high- level PSCO
usually takes several years in accordance with the traditional "mentor and
apprentice" training model. PSCO intelligent decision support system can effectively
5

make up for deficiencies like shortage of convention knowledge reserve, the
existence of professional knowledge blind spots, and the "discretionary power"
which is difficult to grasp properly. It would assist PSCO to participate in on-site
inspection as early as possible, improve the learning effect through "actual combat
style", accumulate inspection experience and shorten the personnel training cycle.

1.3 Literature review

There are few researches about PSC intelligent decision support system. Shen
studied the realization of the PSC computer aided system (Shen, 2002). By designing
the Computer-Aided Port State Control, a mathematical model of automatic target
ship selection and ship detention determination is established. However, the model
lacks functions such as convention database and network information exchange. In
the application research of PSC intelligent terminal, Li & Han analyzed the current
situation and problems of PSC in China, put forward the concept of "Intelligent
Terminal for Port State Control" from the aspects of software and hardware, and
introduced the realization effect of "Intelligent Terminal for Port State Control" of
Tianjin Maritime Safety Administration (Li & Han, 2017). Wei et al. analyzed the
status quo and existing problems of China's PSC, and proposed the idea of building
an intelligent PSC assistant system with functions such as automatic ship selection,
expert database, on-site video and voice communication, real- time convention search,
automatic generation and sending of PSC inspection reports, PSCO quality
management and automatic data analysis (Wei et al., 2012). Gu et al. proposed the
conception of PSC prediction model based on maritime big data to provide
quantitative prediction data of the general condition and deficiencies of ships to be
inspected for PSCO (Gu et al., 2019). Wang studied and designed an intelligent
operation system for the safety inspection of inland vessels through demand analysis,
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database design and model algorithm determination, aiming at the problems existing
in the safety inspection of inland vessels, such as lack of information office software,
low quality and efficiency of safety inspection work, and weak targeted inspection
items (Wang, 2015). Yang proposed the idea of China Computerized Information
System of PSC data center to improve the functions of statistical analysis and target
ship identification, to provide decision support for PSC and makes the
inspection-related data of PSC internal shared in maritime system (Yang, 2013).

IMO meetings have also discussed proposals related PSCO decision support system.
At the 20th meeting of the Sub-Committee on Flag State Implementation (FSI), held
in January 2012, document FSI 20/6/6 proposed the provision of decision support
tools to the PSCO of the Mediterranean Memorandum. The purpose of the decision
support tools is to help select the applicable convention provisions, harmonize the
inspection procedures as much as possible within the memorandum, implement the
requirements of IMO and ILO on board, and finally present a list of applicable
regulations according to the characteristics of the ship, which is developed by the
Korean Register of Shipping (IMO, 2012). At the 21st meeting of the FSI in
December 2012, document FSI 21/6/2 proposed the issue of the instrument and its
continuous updating, including the high cost of timely updating and the necessity for
other MOU organizations to apply decision support tools (IMO, 2012). At the 1st
meeting of the Sub-Committee on Implementation of IMO Instruments (III) in 2014,
document III 1/6/4 elaborated on the necessity, development status, functional
features and challenges of the system (IMO, 2014).

Some scholars have studied the problems existing in the implementation of PSC in
China. Shi studied the quality control of PSC deficiencies, confirmed the objective
existence of the deficiency quality problem in PSC, introduced the Six Sigma quality
7

management method to PSC domain, analyzed the fundamental cause of problems
from four aspects of system, mechanism, standards and people, and proposed the
effective improvement measures with a clear target (Shi, 2016). Wang analyzed the
current situation of PSC in China from the aspects of personnel's service ability,
service consciousness, reasonable use of resources, applicatio n of digitalization and
information disclosure, and put forward solutions (Wang, 2013). Cai & Tang pointed
out that there are great differences in PSCO's understanding and implementation of
the provisions of the Convention, resulting in great differences in inspection
reference, inspection methods and deficiencies treatment among countries in port
state control inspection. PSCO also face difficulties such as inconsistent standards
for target ship selection, detention decisions making, deficiencies treatment, and lack
of necessary technical support (Cai & Tang, 2006). Qiu & Wang analyzed the
methods to improve efficiency from the inspection target, inspection equipment,
PSCO quality, inspection methods and so on (Qiu & Wang, 2012). Yu pointed out the
problems existing in China's PSCO teams, inc luding large differences in PSCO
capability levels, inconsistent management models, serious outflow of talents in the
team, and gaps in training courses and requirements (Yu, 2011). Graziano et al. found
that the team composition of PSCOs correlates to the number of deficiencies and
detentions, and the specific inspector's background correlates to detecting a certain
type of deficiencies (Graziano et al., 2018). Xu set up the decision misty evaluation
model of ships detained that synthesizing to evaluate united decision standard of
ships detained in PSC (Xu, 2004).

As to the target ship selecting scheme, there are many literatures focused on how to
improve its efficiency. Li outlined the safety and quality records of open registers,
and brought up with a new approach assessment of ships safety score based on its
age, flag, insurers, classifications and operators (Li, 1999). Degré proposed a
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high-risk vessels selection scheme based on “Risk Concept” which combined ship
generic variables (type, size and age) with the Paris MoU criteria restricted only to
the flag, Recognized Organization and company of the vessel (Degré, 2007). Zhou &
Sun introduced a new mathematical model which could be automatically optimized
and self-evolved by using Generalized Additive Modeling (Zhou & Sun, 2010).
Cariou & Wolff found high consistency over time in the number of deficiencies found

in a vessel, and therefore called for increasing the weight granted to historical factors
(Cariou & Wolff, 2011).

From the current studies on PSCO decision support system, four conclusions can be
drawn as follows. First, there are some problems in PSC inspection in China, such as
low overall efficiency,

less objective

inspection results and

inconsistent

decision- making standards. Second, there is the need to harmonize and unify the PSC
procedures at the international level. Third, several existing PSCO decision support
systems are useful attempts to solve the existing problems, but they are not perfect
enough. Forth, it is necessary to design a new PSCO decision support system in the
practical level, and also feasible in the technical aspect.

1.4 Research method

The main research methods adopted in this paper include literature research,
comparative study and case study.

Through a large number of literature review and learning, this paper summarizes the
development situation of PSC related research and PSCO decision support system
research, analyzes the existing problems in China's PSC work at the same time, and
put forward the functional requirements and design framework of system research
9

and development.

By comparing several existing PSCO decision support systems in China and abroad,
as well as law enforcement assistance systems in other fields, the differences,
advantages and disadvantages of each are analyzed, and the functional process
design of the system is improved in combination with the actual work situation of
PSC in China.

The PSC support module of the administrative inspection system, which is currently
under development by Jiangsu Maritime Safety Administration, is selected as a
typical case and the condition about the trial operation is deeply analyzed, to verify
the designed function in this paper. Combined with the problems existing in the
development and trial stage of the system, the work direction of next step and
improvement suggestions are put forward.

Chapter 2 Theory basis
2.1 PSC overview
2.1.1 Definition

PSC refers to the supervision and control exercised by port state authorities on
foreign ships entering their ports according to the standards stipulated in relevant
international conventions, so as to ensure that the ships and their equipment comply
with the requirements of international conventions, and that the crew and operation
comply with the applicable international norms. Through the PSC inspection, the
deficiencies existing in the inspected ships that do not conform to the standards will
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be rectified and eliminated, so as to ensure the safety of ship navigation, personnel
and property, protect the marine environment, and promote the development of
economy and trade and the improvement of shipping management level.

The control measures adopted by the port state are mainly aimed at inspecting,
reducing substandard ships and ensuring the safety of ships and personnel. They are
also confirmed to be effective in preventing pollution of the marine environment
(Titz, 1989). At the same time, they also play a supervisory and supplementary role
in the implementation of the flag state's duty according to international conventions.
The implementation of such conventions brought by IMO or ILO requires not only
the cooperation of flag states, but also the implementation of port state control. Port
state control plays an important role in improving the technical status of ships in
international shipping, promoting the safety and effectiveness of maritime navigation,
protecting the interests of port states, promoting unified international standards and
enhancing regional cooperation.

2.1.2 Origin and development

The responsibility of ensuring that internationally-sailing ships comply with the
requirements of international conventions and regulations should be assumed by the
competent authority of the Flag State. However, it is difficult for the competent
authority of the Flag State to get on board and carry out effective inspections because
internationally-sailing ships do not often berth at ports in their Flag States. Therefore,
the call for monitoring and inspection by the Port State authorities to supplement the
gap in Flag State supervision has gradually emerged. PSC originated in a few
western countries and has been developed for decades. Initially, PSC only focused on
checking ships' certificates and documents and had little international influence.
11

However, a massive oil spill occurred off the coast of Brittany (France) as a result of
the grounding of the VLCC ‘Amoco Cadiz’. This incident caused a strong political
and public outcry in Europe for far more stringent regulations with regard to the
safety of shipping. It was that time the world began to recognize that some flag
States are not fulfilling their obligations to manage ships under international
conventions. For this reason, 13 European countries met in Paris in 1980 to study the
establishment of a cooperation agreement to carry out safety checks on foreign ships
arriving at their ports for cargo operation. At the second meeting in January 1982, the
Paris Memorandum was formally signed and entered into force on July 1, 1982
(Paris MoU). Paris MoU introduced the idea of a coordinated PSC in order to avoid
multiple inspections on the same ship and to facilitate the targeting of ships.

Since the PSC was firstly introduced by the IMO in 1982, it has been receiving
increasing attention from policy-makers (Yan & Wang, 2019). With the increasing
success of the Paris MoU in combating substandard ships, the IMO intends to extend
this success. A resolution on the establishment of a regional cooperative organization
for ships and emissions control was adopted at the IMO 17th Assembly in 1991 (IMO,
1991). At present, 9 regional agreements on port State control - Memoranda of
Understanding or MoUs - have been signed: Europe and the north Atlantic (Paris
MoU); Asia and the Pacific (Tokyo MoU); Latin America (Acuerdo de Viña del Mar);
Caribbean (Caribbean MoU); West and Central Africa (Abuja MoU); the Black Sea
region (Black Sea MoU); the Mediterranean (Mediterranean MoU); the Indian Ocean
(Indian Ocean MoU); and the Riyadh MoU (IMO). The United States Coast Guard
maintain the tenth PSC regime. They cover almost every port in the world. The Paris
MOU, Tokyo MOU and the US Coast Guard are the three fastest growing and most
influential port state control regional regimes.
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After years of development, PSC inspection system ha s become increasingly
complete, and gradually presents new characteristics. First, the scope of inspection
continues to expand from the inspection limited to certificate and major equipment to
the inspection of security, safety management system, air pollution, ballast water,
labor conditions and other aspects, involving a variety of conventions . Marine
environment protection and human factors of ship operations are receiving more
attention than before in recent years (Li et al., 2012). Consequently, onboard living
and working conditions as well as maritime pollution problems are attracting more
and more attentions of PSCOs (Heij et al., 2011). Second, the inspection is carried
out at a high degree of specialization. PSC inspection has also been transformed from
“superficial” to “detailed”, with the gradual definition of relevant inspection
standards. Third, the regional inspection mechanism is constantly improved. The new
inspection mechanism, NIR, adopts the formal safety assessment (FSA) method to
determine the risk level of ships and promote the targeting of the ships in a more
scientific way. Fourth, regional cooperation is gradually strengthened, and
Concentrated Inspection Campaign (CIC) and regional PSCO training activities are
carried out frequently to improve the unification of regional inspection (Shi, 2016).

2.1.3 Inspection authorization

The PSC inspection is carried out in accordance with the international conventions to
which the member states are contracting. These include the following:

.1 the International Convention for the Safety of Life at Sea, 1974, as amended
(SOLAS 1974);

.2 the Protocol of 1988 relating to the International Convention for the Safety of Life
13

at Sea, 1974, as amended (SOLAS PROT 1988);

.3 the International Convention on Load Lines, 1966, as amended (LL1966);

.4 the Protocol of 1988 relating to the International Convention on Load Lines, 1966,
as amended (LL PROT 1988);

.5 the International Convention for the Prevention of Pollution from Ships, 1973, as
modified by the 1978 and 1997 Protocols, as amended (MARPOL);

.6 the International Convention on Standards of Training, Certification and
Watchkeeping for Seafarers, 1978, as amended (STCW 1978);

.7 the International Convention on Tonnage Measurement of Ships, 1969, as
amended (TONNAGE 1969);

.8 the International Convention on the Control of Harmful Anti- fouling Systems on
Ships, 2001 (AFS 2001);

.9 the Convention on the International Regulations for Preventing Collisions at Sea,
1972, as amended (COLREG 1972);

.10 the International Convention on Civil Liability for Oil Pollution Damage, 1969
(CLC 1969);

.11 the Protocol of 1992 to amend the International Convention on Civil Liability for
Oil Pollution Damage, 1969, as amended (CLC PROT 1992);
14

.12 the International Convention on Civil Liability for Bunker Oil Pollution Damage,
2001 (BUNKERS 2001);

.13 the International Convention for the Control and Management of Ships' Ballast
Water and Sediments, 2004, as amended (BWM 2004); and

.14 the Nairobi International Convention on the Removal of Wrecks, 2007
(NAIROBI WRC 2007),

.15 the International Labour Organization (ILO) Maritime Labour Convention, 2006,
as amended (MLC 2006)

Among them, the provisions related to port state control are as follows.

SOLAS 1974 regulations I/19, IX/6.2, XI-1/4 and XI-2/9 , as modified by SOLAS
PROT 1988; article 21 of LL 1966, as modified by LL PROT 1988; articles 5 and 6,
regulation 11 of Annex I, regulation 16.9 of Annex II, regulation 9 of Annex III,
regulation 14 of Annex IV, regulation 9 of Annex V and regulation 10 of Annex VI of
MARPOL; article X of STCW 1978; article 12 of TONNAGE 1969, article 11 of
AFS 2001 and article 9 of BWM 2004 provide for control procedures to be followed
by a Party to a relevant convention with regard to foreign ships visiting their ports
(IMO). The authorities of port States should make effective use of these provisions
for the purposes of identifying deficiencies, if any, in such ships which may render
them substandard and ensuring that remedial measures are taken.

According to article I (3) of SOLAS PROT 1988, article I (3) of LL PROT 1988,
article 5 (4) of MARPOL, article X (5) of STCW 1978, article 3 (3) of AFS 2001 and
15

article 3 (3) of BWM 2004, no more favorable treatment is given to such ships that
are not parties to the Convention, and all member states shall apply the same
inspection procedures to ships that are not parties to the Convention to ensure
equivalent safety and environmental standards. The "no more favorable" principle
means that as long as the Port State is a party to the convention, the same or
equivalent inspections are required on ships regardless of whether its flag state is a
party or not. It is of great significance to promote the wide implementation of the
Convention and ensure the level of safety and pollution prevention.

2.1.4 Common inspection procedures

In order to harmonize port state control practices among Port State authorities and
provide effective implementation guidance for the PSCO, the IMO adopted its latest
port state control procedure, Resolution A.1138(31), on 4 December 2019, which sets
out detailed requirements for inspection, violation and detention, reporting, etc (IMO,
2020). It is accompanied by 14 appendixes. As shown in Figure 1, the general
procedures for PSC inspections include: target ship selection, initial inspection,
detailed inspection, detaining, reporting, follow-up action
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Figure 1. Procedures of PSC inspection

Firstly, target ships are selected according to their risk value. After identifying the
target ship, PSCOs would carry out initial inspection of the target ship. Before
boarding a ship, external condition of the ship would be inspected, including the
mooring, load lines, paint and rust on the hull, to get an initial impression of the ship.
After boarding the ship, PSCOs would check the relevant certificates and documents
required by the Convention, the overall condition of the ship and the rectification of
deficiencies found in the previous inspection, to get a general impression of this
vessel. During the above activities, if there are "clear grounds" for believing that the
condition of the ship or its equipment does not correspond substa ntially with the
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particulars of the certificates, such as the missing of critical equipment, invalidation
of the certificate, serious damage to the hull or structure, or unfamiliarity of the
master or crew with key operations, detailed inspection should be carried out.
Otherwise, this inspection should be terminated. If a serious deficiency is found
during the detailed inspection, and the deficiency is sufficient to cause detention, the
PSCO would detain the target vessel. After the ship is detained, the deficiencies must
be rectified, and then the ship needs to apply for the follow-up inspection. The
detention status of the ship can only be released after passing the follow-up
inspection. If the deficiencies found are not so serious, PSCO needs to put forward
the action needs to be taken by shipside. For ships that need to be follow-up
inspected, they shall not leave the port until passing the follow-up inspection.

2.2 Development of PSCO decision support system

At present, many countries or organizations have tried to develop PSC related
decision support system or inspection auxiliary system, and some progress have
already been made. Among them, the relatively matured products are the "Port State
Control Intelligent Terminal" developed

by the

Tianjin Maritime Safety

Administration in China (Li & Han, 2017), and the THETIS-Med system used in the
Mediterranean Memorandum (EMSA).

The research and development of "Port State Control Intelligent Terminal" by Tianjin
Maritime Safety Administration began in May 2015, and was successfully developed
in October of that year and put into practical use. The "terminal" built in many
off- line databases, such as international maritime conventions database, inspecting
key points database, typical deficiencies database, referencing convention provisions
database, inspection cases database, which makes PSCOs able to quickly and
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accurately locate the convention provisions and inspecting reference, and effectively
solve the problem of inconvenient query. It also provides strong technical support for
PSCOs to find out deficiencies and make correct judgment quickly. It is conducive to
the rapid improvement of the personal ability of PSCOs. In terms of personnel
training, this "terminal" has the inspecting key points both in Chinese and English
that other similar support systems do not have, so that PSCOs can learn the
Convention more directly and effectively, and absorb the advanced inspection
experience of other officers in a better way. The "terminal" can also significantly
reduce the time required for target ship selection, report preparation, deficiency
processing, and data processing of report uploading, improving work efficiency.
Moreover, the "terminal" also has a friendly interface as shown in Figure 2, beautiful
output and "small size, easy to carry" and other advantages.

Figure 2. Interface of Port State Control Intelligent Terminal of Tianjin Maritime
Safety Administration. From “Research on the application of the intelligent terminal
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on PSC”, by Li & Han, 2017, p.46.

This THETIS-Med system, is a clone of the current system used by the EU Member
States and the Paris MoU non-EU parties, commonly known as THETIS which is
already hosted in and managed by EMSA. However, THETIS-Med is fully
customized and built to respond to the requirements, rules and procedures of the Med
MoU. THETIS-MED will support the Med MoU member states (Algeria, Cyprus,
Egypt, Israel, Jordan, Lebanon, Malta, Morocco, Tunisia, Turkey) in the execution of
their obligations with respect to PSC inspections. In particular, THETIS-Med will:
assist Member States with an automatic targeting system for the selection of the right
vessel for inspection through an updated profile of ships; assist the Med MoU
Committee and member states by providing statistics on inspection results and
performance; provide a system to handle similar information from 2 EU members of
the Paris MoU (Cyprus and Malta); provide the PSCOs a direct link from
deficiencies to RuleCkeck (EMSA tool and up to date Repos itory of Maritime
Legislation); provide the PSCOs with embedded links with EQUASIS including the
compilation of the outcomes of PSC from different MoUs and USCG which is open
to public in order to have transparency in shipping.

THETIS-Med, as shown in Figure 3, marks the beginning of a new era on how ships
are targeted for inspection in the Mediterranean region, how these inspections are
recorded, and how the results are made available for the exchange of information
among members of the Med MoU between EU and non-EU countries. Since March
2017, EMSA has been implementing the “EuroMed Maritime Safety” project,
commonly known as Safemed IV. This project aims to foster regional cooperation
among Mediterranean riparian states, while at the same time providing technical
assistance to improve maritime safety, pollution prevention, security and labor
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conditions on board ships. One of the key elements for the successful implementation
of PSC activities at regional level is the introduction of an effective and user- friendly
information system. In the framework of the EU- funded Safemed IV project, the
EMSA was tasked to develop such a system.

Figure 3. THETIS-MED, by EMSA, 2020

Chapter 3 PSC status quo and functional requirements of system
3.1 Problems existing in PSC

PSC inspection in China was initiated at an early stage. After years of development, a
relatively efficient and standardized inspection mechanism has been formed. The
number of ships inspected and the number of deficiencies found has gradually
increased, and the speaking right in regional memorandums and international
platforms have been continuously presented. However, in the process of rapid
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development, there are also some problems, which restrict the better performance of
PSC. These problems are mainly reflected in three aspects: the numerous articles of
the convention are difficult to accurately grasp and apply; the inspection mainly
relies on the personal experience and subjective judgment of PSCO; the overall
inspection efficiency needs to be further improved.

3.1.1 The complex system of the Convention

On the one hand, PSC inspection is based on a variety of conventions, such as
SOLAS, MARPOL, STCW, Load Line, COLREG, ISM and so on. Not only are
there many kinds of conventions and complex contents, but also they are frequently
amended. Only with the memory of PSCO or limited training, it is difficult to
memorize all of them accurately. On the other hand, there are great differences in the
provisions of the Convention applied to ships of different types, ages and sizes, and
the application scope of different conventions and amendments varies greatly, which
makes it even harder to accurately apply the provisions of the Convention in the
actual application process. Only relying on the continuous accumulation and memory
of PSCO in practical work or the inquiry of paper conventions will affect the
inspection efficiency, and there is also the possibility of misapplication of convention
provisions.

3.1.2 Subjective influence from PSCO

Since 1982, the establishment of the various MoUs has set the ambitious aim of
harmonizing the enforcement standards within the region (Marten, 2014). However,
the issues in PSC harmonization have been identified since its emergence that may

22

result in different inspection output, either detentions or deficiencies, depending on
different Port State authorities (Bloor et al., 2006). The reason is that PSC inspection
is mainly carried out by PSCO, and the differences in individual ability level,
subjective will, personal understanding of conventions and other aspects will have a
great impact on the inspection results.

First, there are differences in PSCO's professional capabilities. PSCOs are the main
executor of port state control. There are two main sources of PSCOs in China: one is
the graduates from maritime university, and the other is the senior seafarers with
maritime qualifications. The theoretical knowledge of maritime university graduates
is relatively solid, but they are lack of nautical experience and intuitive
understanding and experience of the operation of the instruments and equipment on
the ship. However, although those PSCOs with nautical qualifications have strong
practical ability and rich experience in shipping management, and are familiar with
the operation of onboard instruments and equipment, they might not be familiar with
the knowledge of conventions and regulations, and sometime s make judgment
depending too much on their experience (Yu, 2019). The differences in the
professional profile of PSCOs directly affect their focuses and the inspection results
(Ravira & Piniella, 2016). In addition, PSCOs in different regions have different
training and management modes, and the number and type of ships inspected varying
from ports to ports have different influences on the accumulation of PSCO
experience, which all lead to differences in PSCO's professional capabilities.

Second, the professional judgement in the inspections will influence the results. The
professional judgement is a relatively flexible authority for the PSCO to judge the
performance of the ship by using the provisions of the convention in the process of
PSC. The existence of this flexible authority makes the same ship inspected by
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different inspectors end up with quite different results. The effect of the existing PSC
inspection depends to a large extent on the understanding level to the convention and
responsibility of PSCOs, and depends on the experience of PSCOs to complete the
inspection task. This may lead to the misjudgment of the officers in the inspection,
resulting in improper detention and ship delay (Wei et al., 2012). In addition, the
integrity, incorruptibility, self-discipline and other qualities of PSCOs will also
directly affect the effectiveness of the exercise of judgement.

The PSCO's different understanding of conventions' requirements can also lead to a
wide variation in the inspection results. Among the numerous provisions of
conventions, it is inevitable that some of the provisions could be expressed vaguely
and inaccurately, which will lead to different understandings which further affect the
inspection results. Of the 21 complaining cases reviewed by the China PSC
Sub-Commission during 2014-2015, eight were due to differences in understanding
of conventions’ requirements, which accounted for the highest proportion among all
reasons for complaining (Shi, 2016).

3.1.3 Low inspection efficiency

In recent years, the number of foreign ships entering into ports of China is increasing
day by day, and the number of PSC inspection is also rising sharply. The initial
number of PSC inspections in China has increased from about 4,000 inspections per
year before 2009 to about 8,000 inspections per year since 2010, accounting for 30%
of the total inspections in the Asia-Pacific region and 10% of the total inspections
worldwide. But the number of deficiencies per ship dropped by half, as the red curve
shown in Figure 4. Correspondingly, the number of China's first- line Class A safety
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inspectors who are entitled to carry out PSC inspections has basically doubled,
reaching more than 360, but 1/3 of which are fresh safety inspectors who have just
been working for 2~3 years (Li & Han, 2017). In the face of such rapid growth of
PSC inspection work pressure, and relatively insufficient PSCO human resources,
how to improve the inspection efficiency and quality is the urgent problem to be
solved now.

Figure 4. Curve chart of PSCO and PSC inspections (2006 - 2015). From “Research
on the application of the intelligent terminal on PSC”, by Li & Han, 2017, p.45.

Digitalization is an effective way to improve work efficiency, but at present, the
overall digitalization degree of PSC inspection in China is not enough, and it is still
in a relatively traditional working condition. Most works are done manually in many
steps of the inspection procedure, especially the selection of target ships, guiding
inspection, searching about the provisions of conventions, issuing inspection reports,
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inputting information systems, and shore-based support communication. All of these
result in a relatively low efficient work model.

Figure 5. Inspection window for PSC in Tokyo MOU

According to the Resolution A.1138(31) PROCEDURES FOR PORT STATE
CONTROL, 2019, the selection of the target ship is the first step in carrying out the
PSC inspection (IMO, 2020). According to the situation of foreign vessels arriving in
the port water area, PSCOs will compare the inspection priority in the New
Inspection Regime (NIR) of Tokyo MOU, and choose the ships with the inspection
priority of PI (ships must be inspected because the time window has closed) and PII
(ships may be inspected because they are within the time window of inspection) as
shown in Figure 5, and carry out the inspection after determining the target ship
(Tokyo MoU). At the same time, the comparison with the pilotage plan sailing time
is still needed, so as not to embark the ship too late to carry out the inspection. In this
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process, through the manual comparison of information generated by multiple
systems, the target ship selection would take a long time.

Figure 6. PSC working procedures

At the end of the inspection, a PSC report should be issued for any deficiencies
found during the inspection and for the overall situation of the vessel. The traditional
method is to fill in item by item on the pre-printed blank report paper, including
Form A (basic information of the ship, validity period of the certificate, date of
intermediate survey) and Form B (deficiency code, deficiency description, action
code). There are a lot of contents to be filled manually, and since the modification is
not allowed on PSC report, clerical errors will lead to the refilling of the whole
report.

At the final step of the inspection as shown in Figure 6, the PSCO returns to the
office and re-enters the information on the paper inspection report into the
Asia-Pacific Computer Information System (APCIS), whose headquarter is located
in Russia.
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3.1.4 Unguaranteed results

The PSC inspection report is the result of the whole inspection activity, a nd its
quality largely determines the effect of the PSC inspection. Since PSCO needs to
issue the inspection report before leaving the ship, and it needs to be signed and
confirmed by the captain, so there is no time for other supervisors to review the PSC
report. As a result, some problems that could easily be found in the review process
were not solved in time, and eventually resulted in common problems such as too
simple description of deficiencies, unclear expression, lack of emphasis, misspelling
in English, and incorrect reference to the provisions of the Convention. Low quality
PSC inspection report not only affects the credibility of the inspection results, but
also may lead to economic loss of the ship and cause the shipping company to make
complain to Port State.

3.2 Functional requirements of decision support system

Based on the above- mentioned problems and dilemmas existing in the PSC
inspection work in China, combined with the actual inspection needs, the functional
requirements to be designed of PSCO intelligent decision support system are
proposed. The general principal is to solve the current problems by introducing
digital information system to improve the efficiency and quality of PSC inspection.

(1) Target ship selection

The system can make automatic comparison and screening of foreign ships currently
in the port, meanwhile choose those in the inspection window period or beyond the
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inspection window period and display them on the electronic nautical chart. The
scheduled sailing time of each vessel that can be inspected is cross checked to
exclude those vessels that do not have sufficient time to take the on-board inspection.

(2) Intelligent checklist

After the target ship is determined, the algorithm model is established to predict the
key areas and inspect sequence of this inspection according to the previous PSC
inspection deficiency data of the ship in the system and the historical inspection
records of local ships. The checklist is generated according to their respective
weighting coefficient, and can be used as the reference for PSCO on site to improve
the accuracy of inspection.

(3) Deficiency description and reference automatically matching

In the process of filling in Form B of PSC inspection report, the system will
automatically prompt the frequently occurring deficiencies description for PSCO to
select and edit after the deficiency is confirmed. And the corresponding convention
reference and recommended action to be taken will also automatically be matched in.
After the final inspection results are finished and saved, they will be automatically
incorporated into the database to provide reference for subsequent inspections.

(4) Convention provisions searching

The system will integrate all the conventions involved in the PSC inspection and
update them regularly. The function of keyword searching will be provided to
quickly query the specific requirements of the convention provisions. At the same
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time, the convention provision will be automatically screened according to the
construction year, tonnage, type and other restrictions of the target ship, and the
relevant provisions that are not applicable to the target ship will be hidden to
improve the search efficiency.

(5) Reports automatically formed and uploaded

In the report finishing step, Form A should be filled in with the information of the
last inspection by default, and the system should give a hint for the information that
needs to be updated. Upon completion of the inspection report, a PDF version of the
electronic report can be sent to the ship via email or printed by a portable printer. The
system will be automatically submitted to the draft box PSC management system of
the collaborative management platform of MSA, which will be reviewed and
uploaded by the supervising departments.

(6) Video consultation and online review

In case of doubts or disputes over the requirements of conventions during the
inspection, online video communication will be conducted with members of the
shore-based expert group through the video system, or experts will participate in the
inspection directly and remotely to provide technical support for PSCO on site. The
PSC report that has been submitted to the draft box will be reviewed and corrected
online by the responsible personnel of the relevant supervising departments
according to the working procedures, and will be returned to PSCO for on-site
correction if any problems are found.

(7) Evidence preserving
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For all kinds of deficiencies found at the scene, the portable law enforcement
terminals can be used to take pictures or videos, which will be automatically stored
under the categories of relevant deficiencies and uploaded to the system database.

(8) Case study

A case database is set up to store PSC reports of every inspection of every ship,
including evidence photos and other relevant materials, so that other PSCOs could
use for offline learning to accelerate the process of talent cultivation.

(9) Statistics analysis

The function of intelligent analysis is set in the PC end of the system to
comprehensively analyze the inspection quantity, inspection quality, deficiency
distribution, the condition of substandard ships and the distribution of their flag states
and recognized organizations (ROs), and the areas of expertise of the PSCO, so as to
provide auxiliary decision-making for the PSC inspection management.

Chapter 4 System framework design and case analysis
4.1 Design principal
4.1.1 Security
The system will store a large amount of data related to ship PSC inspection after
operation, so the information security is very important. Therefore, the possible
information security risks should be fully considered at the beginning of the system
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design, and the communication data security should be guaranteed by technical
means. Login adopts the account and password verification mechanism. If either the
account or password entered by the user is incorrect, the system cannot be logged in,
so as to ensure the data security of the system. In addition, relying on the dedicated
Access Point Name (APN) transmission channel to realize the access of portable law
enforcement terminals, coupled with the physical boundary isolation of equipment,
to further guarantee the security of the network.
4.1.2 Usability
This system is used for ship safety inspection and the PSCO is its user, so it needs to
have the characteristics such as practicable and easy to be operated and maintained.
User interface should be designed in a simple and neat way, the logical structure
should be clear, and the inspection items required to be input should be minimized at
large extend to improve user’s friendliness. In addition, this system will use
client/server mode (C/S), including the portable law enforcing terminal and system
server side. The PSCO will use the portable terminal directly to carry out the PSC
inspections, without the need for special training.
4.1.3 Stability
The stability of the system is the premise of its operation. Therefore, it is necessary
to equip the system with hardware equipment to meet the needs of data processing
and network transmission, and consider the influence of environmental factors to
weaken the signal of network such as ship’s steel structure and port facilities. For the
faults that may occur in the process of system operation of software and hardware, an
emergency reaction and recovery mechanism should be established in advance to
ensure the stability of system operation.
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4.1.4 Maintainability
This system needs to share information with internal network system such as
collaborative management platform. Therefore, the system should be designed
following the principle of openness and adopt the standard data interface, so as to
obtain the ability of data sharing and exchanging. Also, the system should be
constructed according to the functional modules, which will be operated relatively
separated and facilitate the future maintenance work. The possibility of maintenance
and expansion in later stage should also be fully considered during database
construction. The convention provisions database needs to be maintained regularly to
absorb new amendments and regulatory requirements in force.
4.2 Key technologies
4.2.1 Target ship selection

Under the premise of limited inspection resources, the PSCOs are unable to inspect
all coming ships, which means the critical issue faced by Port State is how to select
ships to be inspected (Yan & Wang, 2019). Age, ship type and flag of registry have
been identified as determinants of the number of deficiencies recorded (Cariou,
2007). And other factors such as the ship's recognized organization, historical
inspection performance, detention records and the rating of the company to which it
belongs should also be considered to establish a risk profile assessment model or
corresponding mechanism, strengthen the management of shipping enterprises and
effectively encourage the ships to improve their own safety management level.

The Tokyo MOU implemented the new NIR mechanism in 2014. The NIR
mechanism has strengthened the transparency of inspection, promoted the
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establishment of unified law enforcement standards, coordinated PSC work within
the region, and rationally allocated PSC inspection resources (Han & Bao, 2014).
The NIR mechanism is based on risk assessment by establishing a risk model for
each ship to determine the target of the inspection. The risk model takes into account
the following risk factors: ship type, ship age, ship flag, recognized organizations and
companies, number of deficiencies and number of detentions. As shown in Figure 7,
those whose scores of all factors add up to 4 points or above are considered high- risk
ships, those whose scores within low risk section are considered low risk ships, and
the others are considered medium risk ships. NIR will lead to fewer inspections
towards high-quality vessels in order to conduct more frequent in-depth inspections
of vessels with potential problems.

Figure 7. Ship risk profile under NIR. By Tokyo MOU, 2014.
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At present, a large number of foreign ships navigate in and out of China's ports
frequently. If all of these ships’ information are manually entered into the system to
calculate their window period one by one, it will consume a lot of time that makes
the ship selection efficiency becomes even lower. Therefore, in the development of
the PSCO intelligent decision support system, it is necessary to realize the
automation of target ship screening, including automatically input the information of
foreign ships in the port into PSC system of the collaborative management platform,
calculate and judge the risk value of ships according to the NIR mechanism, and
obtain the priority list of PI or PII ships among foreign ships in the port. At the same
time, since PSC inspection usually takes a long time, the current normal practice is
not to carry out boarding inspection for ships that are scheduled to leave port within
2 hours. Therefore, it is necessary to integrate the pilotage plan information of
foreign ships. On the basis of the list of selected target ships, ships with pilotage pla n
sailing time of more than 2 hours are selected as the final result of the selection of
target ships. The final screening results of the target ship will be displayed on the
electronic charts, so that the PSCOs can easily identify the location of the ship and
arrange the inspection operations.

4.2.2 Intelligent inspection checklist notification

The intelligent inspection checklist notification is based on the historical inspection
results of the target ship, combined with the big data of the deficiencies distribution
of local ships and the recommended inspection checklists sorted out by PSC experts,
and comprehensively integrated according to certain weight coefficients. The
checklist of inspection items generated in this way is based on the statistics of a large
number of historical inspection data of the target ship and this port, and the algorithm
model formed by the induction and prediction of big data technology. It can
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accurately predict the equipment and areas that may have deficiencies in the
inspection, and guide the PSCO to carry out the inspection more scientifically and
efficiently.

Big data technology is the core of intelligent notification algorithm model. Big data
is a mass, high growth rate and diversified information asset that requires new
processing models to have stronger decision- making power, insight discovery power
and process optimization ability. The core of big data analysis is data mining, and
one of its final application fields is predictive analysis, that is, mining the laws and
rules from big data, analyzing, inducting and processing by machine learning. In the
end, establish a model and then bring in new data based on the model to predict
future data scientifically (Gu et al., 2019).

First, according to the PSC inspection database of the port, the algorithm model
including the distribution law of deficiencies and the correlation among them is
established by using the principle of big data technology. Through association rules
in data mining theory and the extraction of mathematical statistical features of the
relationship between two or more attribute data in the database, the possible internal
correlation between each attribute can be found (Yuan et al., 2013). The specific
method is as follows. Firstly, statistical analysis is conducted according to the major
categories of deficiencies in the local PSC inspection database to calculate the
probability of the occurrence of each major category of deficiencies in the local
ships' PSC inspection. Then the two-term frequency statistics of deficiencies
categories are calculated and the correlation matrix is established. The final purpose
is to calculate the probability of the occurrence of the other item B under the premise
of the occurrence of item A, which is the conditional probability of B relative to A,
among the frequently occurring single items in various categories. According to the
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specific principles of association rules, conditional probability is the confidence
coefficient, so the larger the value of conditional probability is, the more credible the
corresponding rules are.

According to this method, the conditional probabilities of C, D, E and other
deficiency items relative to A are successively calculated. When the final calculation
results show that the conditional probability of B relative to A is the largest, it means
that when the deficiencies of A are found by PSCO inspection, the probability of the
existence of deficiencies of B is the largest. Therefore, when item A deficiencies are
found in the on-site inspection, the optimal inspection sequence is to immediately
carry out the inspection in the field related to item B deficiencies, so that the
deficiencies existing in the ship will be found with a greater probability. The
subsequent inspection order among various deficiencies is calculated and decided in
the same way, and the key inspecting areas and the optimal inspection order of PSC
are formed according to this algorithm model.

Second, the historical PSC inspection record data of the selected target ship is used to
get the algorithm model through machine learning. More historical data can be taken
into account as the ship inspection history is a strong indicator for future inspection
results (Yan & Wang, 2019). Then, the algorithm model is used to predict the
categories of deficiencies which would possibly occur on the target ship in this
inspection (Gu et al., 2019). The specific method is as follows. Firstly, the probability
algorithm is used to conduct statistics on the probability of the occurrence of
deficiencies categories in the historical inspection records of the target ship, and the
median of these probabilities is selected as the reference value. After that, through
comparison, the deficiencies categories whose probability is higher than the baseline
value are selected as the focuses of this PSC inspection.
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Third, a team of PSC experts in the industry shall be organized to sort out the key
areas and inspect order of PSC inspection for common ships, and form a general
recommended checklist and inspection order. On this basis, the results of the
recommended checklist and inspection order from expert team will be compared with
those of the two methods mentioned above, and the final recommended PSC
inspection checklist and inspect order were integrated according to the corresponding
weighting coefficient, for the reference of PSCO.

4.2.3 Automatically matching applicable provisions

When the international conventions are formulated and amended, the practical
difficulties and the cost of the renovation of old ships have been fully taken into
account. Therefore, the principle of "old ships applicable to old requirements while
new ships applicable to new requirements " is adopted in terms of provisions related
to the structure of ships, meaning the requirements of amendments shall apply only
to ships the keels of which are laid or which are at a similar stage of construction, on
or after the date on which the amendment enters into force. Therefore, in the PSC
inspection, it is necessary to confirm the applicable amendment provisions of the
convention according to the specific conditions of target ship, mainly the time of
keels laid or are at a similar stage of construction. Otherwise, it is easy to cause the
wrong application of the provisions of the convention. Under this background, the
applicable conditions of convention provisions should be identified item by item
during the construction of PSCO intelligent decision support system convention
provisions database, attach the "tag" onto each provision to realize the improvement
of conventions query efficiency. It is also conducive to matching terms of
conventions according to deficiencies found and target ship’s specific condition,
because those provisions not applicable to this target ship will be filtered and only
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the applicable provisions will remain. The accuracy and efficiency of automatic
matching of referencing provisions will be enhanced.

In the following, the emergency fire pump which is recognized as one of the most
frequent detention deficiencies in PSC inspection is taken as an example to illustrate
the requirements of different amendments applied to different ships. Emergency fire
pump is an important equipment for ship firefighting. The 1981 amendment and the
2000 amendment of SOLAS convention have different requirements for emergency
fire pump water piping penetrating through machinery space. Here go the details:

SOLAS Convention, Amendment 1981, Chapter II-2, Article 4.6.3 (apply to ships the
keels of which are laid or which are at a similar stage of construction on or after 1
September 1984): Isolating valves to separate the section of the fire main within the
machinery space containing the main fire pump or pumps from the rest of the fire
main shall be fitted in an easily accessible and tenable position outside the machinery
spaces. The fire main shall be so arranged that when the isolating valves are shut all
the hydrants on the ship, except those in the machinery space referred to above, can
be supplied with water by a fire pump not located in this machinery space through
pipes which do not enter this space. Exceptionally, the Administration may permit
short lengths of the emergency fire pump suction and discharge piping to penetrate
the machinery space if it is impracticable to route it externally provided that the
integrity of the fire main is maintained by the enclosure of the piping in a substantial
steel casing.

SOLAS Convention Amendment 2000, Chapter II-2, Article 10.2.1.4.1 (apply to
ships constructed on or after 1 July 2002): Isolating valves to separate the section of
the fire main within the machinery space containing the main fire pump or pumps
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from the rest of the fire main shall be fitted in an easily accessible and tenable
position outside the machinery spaces. The fire main shall be so arranged that when
the isolating valves are shut all the hydrants on the ship, except those in the
machinery space referred to above, can be supplied with water by another fire pump
or an emergency fire pump. The emergency fire pump, its seawater inlet, and suction
and delivery pipes and isolating valves shall be located outside the machinery space.
If this arrangement cannot be made, the sea-chest may be fitted in the machinery
space if the valve is remotely controlled from a position in the same compartment as
the emergency pump and the suction pipe is as short as practicable. Short lengths of
suction or discharge piping may penetrate the machinery space, provided they are
enclosed in a substantial steel casing, or are insulated to A-60 class standards. The
pipes shall have substantial wall thickness, but in no case less than 11 mm, and shall
be welded except for the flanged connection to the sea inlet valve.

As it can be seen from the above content highlighted in italics, the emergency fire
pump related requirements of the two amendments have changed greatly for ships
constructed at different time. For ships whose keel laid between 1 September 1984
and 1 July 2002, the requirements for emergency fire pumps and water piping are
relatively simple, and there are no specific requirements for remote isolating valves,
piping insulation standards, wall thickness and flanged connections, etc. However,
for ships whose keel laid after 1 July 2002, there are specific requirements for the
remote isolating valves, piping insulation standards, wall thickness and flanged
connections. If the installation of the emergency fire pump and its piping system
does not meet the requirements, it will be considered as a serious deficiency which
will result in detention of the vessel during the PSC inspection, whether the
deficiency is caused by lax survey during construction or annual survey by
recognized organization, or inadequate maintenance by the crew.
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Therefore, in the process of setting up the convention provisions database, the
applicable conditions of each provisions should be clarified, so that the final output
will only demonstrate the articles applicable to the target ship. However, the
compilation and construction of the database of the convention articles is a basic,
systematic and complex project, and it also requires working staff to have a clear
grasp and understanding of the applicable scope of relevant provisions and items.
However, the similar work has been done by some institutes can be taken as
reference, such as China Classification Society (CCS) or Korean Register of
Shipping (KR) which has already developed the relatively mature convention
database.

4.3 Hardware equipment

Hardware equipment is the material basis of software system operation, and it is also
an important part of PSCO intelligent decision support system. The basic hardware
of the system includes portable law enforcement terminal, body worn camera,
portable printer and so on.

(1) Portable law enforcement terminal

Tablet computer or iPad is recommended for portable law enforcement terminal, and
it should have the following functions: First, it should have enough data processing
ability to be installed with PSCO decision support system which can run on it
smoothly; Second, it has the mobile 4G or 5G network communication ability, so that
it can connect with the PC side processor to realize the uploading of data and reports,
as well as video communication and online review functions. Third, it has sufficient
data storage capacity, which can store the ship certificate data and the data inspected
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on board in offline mode, so that when the network signal is unstable, the inspection
can be normally carried out and no data is lost. Fourth, it has the explosion-proof
function to meet the requirements of the inspection for vessels carrying dangerous
goods or the spaces onboard with dangerous gas; Fifth, the characteristics like
waterproof and drop proof are also needed.

(2) Body worn camera

Body worn camera can record the whole process of inspection action, which is not
only a rigid requirement for maritime personnel to carry out on-site law enforcement
inspection domestically, but also an important part of PSCO decision support system.
The body worn camera is connected to the portable law enforcement terminal and the
background PC in real time through Bluetooth and network. Based on the video and
audio records of the whole process of inspection, the deficiencies and problems
found during the inspection will be taken by photos or videos as evidence, and be
uploaded to the relevant database. In addition, the video and audio data can be
transmitted to the background PC in real time, so that the background experts can
obtain the images and sounds of on-site inspection in real time, and communicate
with on-site PSCOs to provide remote technical support.

(3) Portable printer

After the inspection report is input into the PSCO intelligent decision support system,
the report can be printed through the portable Bluetooth printer that is carried with
the PSCO, and then delivered to the ship after being signed and stamped by the
PSCO. In view of the fact that foreign ships are basically equipped with printers at
present, the inspection report in PDF form can also be sent to the ship in the form of
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U disk or email for printing, so as to reduce the weight of the hardware equipment
PSCO needs to carry.

4.4 Software part

The software part is the core of PSCO intelligent decision support system. It mainly
includes subsystem of target ship selection, subsystem of intelligent checklist
notification, subsystem of searching of international conventions and regulations,
subsystem of automatic generation of PSC report, subsystem of case learning,
subsystem of on-site video communication, subsystem of automatic analysis of
inspection data, etc.

To realize the functions of each subsystem, multiple basic databases need to be
established at the bottom structure of the system as shown in Figure 8. First, the basic
ship information database of the ship, which is composed of static technical data of
the ship, is used for the PSCO intelligent decision support system to obtain the
characteristics and historical technical status of the target ship in advance. The
second is the ship inspection deficiency database, which includes at least the
deficiency code, the deficiency description, the deficiency basis, the deficiency
picture and the action taken. The data source is composed of the inspection records
of local ships and the previous inspection records of target ship. The third is the
database of conventions and regulations, which is used to automatically find the
referencing provisions according to deficiency. These databases, now have a certain
scale, but relatively messy scattered, need to be integrated and improved (Zeng et al.,
2017).
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Figure 8. Structure of database and prediction model
4.4.1 Target ship selection subsystem

The target ship selection subsystem, as shown in Figure 9, needs to integrate the
information of the ship dynamic data system, the PSC system of the maritime
collaborative platform, and the pilotage planning system to carry out comparison and
screening, and finally determine the target ship list suitable for PSC inspection. First
of all, the list of foreign ships that are currently in the port is determined according to
the ship’s dynamic information. Then, the above information is automatically input
into the PSC system of the maritime collaborative platform to check whether they are
in the inspection window period, select the ships that can be inspected, and list them
according to the inspection priority PI and PII. After that, the screened vessel
information from step 2 is compared with the scheduled sailing time in the pilotage
system. If the scheduled sailing time is less than 2 hours from now, which means that
such vessels are not suitable for boarding and inspection, these vessels should be
eliminated from the list. At last, the remaining vessels on the list are finally
considered as the target ships suitable for inspection.
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In this process, it is necessary to break through the barrier between the maritime
intranet and the external network database to realize the timely transmission and
comparison of information, therefore the attention should be paid to the network
information security and related coordination and communication.

Figure 9. Flow diagram for target ship selection subsystem

4.4.2 Intelligent checklist subsystem
The intelligent generation of the inspection checklist, as shown in Figure 10, requires
the synthesis of three types of data: First, the PSC inspection deficiencies data of all

45

vessels in the port, the high-occurrence deficiencies of vessels berthing in this port
are calculated according to categories, and the correlation degree amo ng various
deficiencies is calculated according to the above algorithm to determine the optimal
inspection sequence; The second is the historical PSC inspection deficiencies record
of the target ship. According to the algorithm model, the types of deficiencies that are
prone to occur on the ship can be predicted to generate the key areas of this
inspection. Third, the expert team combs and summarizes the inspection focuses and
inspection sequence. Based on the above three types of forecast data and in
combination with the special inspection requirements of the competent authority, the
PSC check list will be comprehensively generated according to the corresponding
weights to predict the key points of the inspection and improve the efficiency of the
inspection.

Figure 10. Flow diagram for intelligent checklist subsystem
4.4.3 International convention query subsystem
According to the applicable conditions of the provisions of the convention, such as
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the date of keel laid, ship type, gross tonnage, etc., a reference "label" is set up to
establish a database of the provisions of the convention. The scope of conventions
shall include all the conventions concerning PSC inspection, including SOLAS,
MARPOL, STCW, MLC and other conventions and their amendments, as well as
LSA, FSS and other codes. When the target ship is selected and confirmed by the
ship selection subsystem, the information of the ship will be automatically input into
the international convention query subsystem to match the relevant applicable
conditions and reference all kinds of convention clauses to form a collection of
convention clauses applicable to the target ship, as shown in Figure 11. In addition to
searching according to the tree directory, the keyword search function should be
added to improve the efficiency of searching.

Figure 11. Flow diagram for international convention query subsystem
4.4.4 Report automatic generation subsystem
The PSC report usually consists of two parts as shown in Figure 12. Form A includes
the basic information of the certificate and the ship, and Form B includes the
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information about deficiencies found during the inspection (if there are no
deficiencies, Form B is not required). First of all, basic information of the ship,
company and certificate will be automatically filled in by the system according to the
certificate information of the target ship, and then will be checked or modified by
PSCOs after on-site verification. Generally, the amount of change in the ship's basic
information and certificate information is small. Then, the deficiencies codes found
in the inspection are input into relevant items of Form B, and the system will
automatically display three frequently occurring deficiencies descriptions under such
codes for PSCOs to choose, reducing manual input time, and automatically matching
the terms of the Convention under this code to Form B.

Figure 12. Flow diagram for international convention query subsystem
4.4.5 Case studying subsystem

Taking the whole process of PSC inspection as a unit, the data of the target ship's
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certificate information, deficiency description, deficiency code, convention
referencing, photo and video evidence were collected to establish the ship's PSC
inspection case database for PSCO to learn without actually boarding the ship for
inspection. The simulation inspection function should be added for internship PSCOs
to practice their inspecting skills through filling in deficiency code, deficiency
description, and the referencing convention terms, according to the necessary
information of the target ship and the video evidence of each deficiency provided by
subsystem. The results will be compared with previous inspection report to show the
differences between the simulation inspection and actual one, and this will improve
practitioners’ sensitivity of deficiencies finding and familiarity with deficiencies
description.

4.4.6 Live video communication subsystem

Through network communication, on-site inspectors in port terminals which are
covered by 4G or 5G can contact with designated PSC experts to get problems
solved in real time, and experts can also participate in the remote inspection
accompanying the on-site PSCO to provide support and guidance. This function can
allow some new PSCOs to carry out inspections as early as possible to improve their
capability and experience in a faster way. At present, various kinds of video calling
software in the market are already mature, and such programs can be directly added
to the PSCO intelligent decision support system to realize the real time
communication between on-site inspectors and shore based technical support, and
improve the accuracy of deficiency issuing.
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4.4.7 Inspection data analysis subsystem

First, the inspection status of PSCO is analyzed, including the number of vessels
inspected, the number of deficiencies, the number of detentions, and the distribution
of deficiencies, etc., and the personal inspection files of PSCO are established for the
convenience of team management. The second is to analyze the PSC inspection data
of the ships berthing this port. The common deficiency categories of the ships
berthing this port will be counted and the high-occurrence deficiency conditions will
be predicted according to the established algorithm model, which are used as the
decision-making basis of the inspection checklist generation subsystem.

4.5 PSC Assistant System of Jiangsu Maritime Safety Administration

In order to solve the existing problems of inefficient PSC inspection and empirical
law enforcement behavior, Jiangsu Maritime Safety Administration started to
develop an PSC assistant system in 2020. This system is actually a function module
which is embedded on the existing Maritime Administrative Inspection System, with
the functions of target ship selection, on-site inspection guidance, report generation
and uploading, report printing and data statistical analysis. After one year of
development and debugging, most of the functions of the system have been realized
and entered the trial operation stage.

4.5.1 Maritime Administrative Inspection System

Maritime Administrative Inspection System was independently developed and
operated by Jiangsu Maritime Safety Administration in 2018. It aims to deepen the
reform of administrative inspection and approval system, strengthen in-process and
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after-event supervision, promote the reduction of grass-roots working burden and
increase the application of digitalization in on-site law enforcement activities. The
system is mainly composed of two parts: background PC terminal and portable
terminal. The background PC terminal serves the supervision personnel of the
functional departments. Through the background PC terminal, the supervision
personnel can obtain the work progress, supervise the on-site law enforcement
behavior, master the overall situation of the jurisdiction area. And it can also
facilitate the completion of searching, statistics, analysis, comparison work, and
generate all kinds of working reports and charts automatically. Portable terminal is
used for on-site inspection personnel. The terminal installed with this software as
shown in Figure 13, through the public or specialized network communication, can
have the access with the system background for data exchange and other operations.
The law enforcement personnel can use the portable terminal to carry out
administrative inspection work.

The function of PSC target ship selection can be realized by adding the foreign ship
information layer to the existing chart in the Maritime Administrative Inspection
System. The huge amount of data storage of the current Maritime Administrative
Inspection System can not only ensure that the law enforcement personnel can
quickly search the basic information and historical inspection situation of the ship,
but also ensure that the intelligent inspection checklist could be shown. The powerful
analysis function of the PC side of the Maritime Administrative Inspection System
provides help for PSC data analysis. At present, the extensive use of Maritime
Administrative Inspection System makes it possible for PSC assistant system to be
popularized and applied on a large scale.
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Figure 13. Interface of Maritime Administrative Inspection System
4.5.2 PSC assistant system

At present, the structure of PSC assistant system is based on the general framework
of the Maritime Administrative Inspection System. With the existing nautical chart
subsystem of the Maritime Administrative Inspection System and the introduced ship
information, the assistant functions of PSC inspection are realized, including target
ship selection, on-site inspection, PSC report writing, uploading, printing and other
functions. The details are as follows:
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(1) Intelligent target ship selection. A new nautical chart layer is added on the basis
of the existing Maritime Administrative Inspection System to show whether the ship
is suitable for inspection or not, as well as the ship's risk value and the date of last
inspection. In this way, it is convenient for PSCOs to choose objectives and the
working efficiency can be greatly improved.

(2) Intelligently optimized checklist. Automatically provide the inspection items
and remove unsuitable ones according to ship specific conditions, such as date of
keels laid, ship type and gross tonnage, etc. Meanwhile, the convention requirements
and the key points of the inspection checklist will also be prompted to the PSCOs for
reference. So that the inspection efficiency can be improved and risk of wrong items
inspected during law enforcement action can be prevented.

(3) Deficiency description guiding. For selected deficiency codes, the system
automatically prompts similar deficiency descriptions for PSCO to choose instead of
inputting them word by word, which reduces the time consumed and makes the
deficiency descriptions more standardized. After the deficiency is edited and
finalized, the system automatically absorbs the them into the database.

(4) Information entering only once. After the completion of the PSC inspection report,
the system will automatically submit it to the draft box of the PSC management
system of the Intranet collaborative management platform, which will be reviewed
and submitted by the supervision departments. The inspection report can be printed
by Bluetooth connection to a portable printer. All inspection data need to be inputted
only once, no repeat inputting or writing will be needed.

(5) Two modes for PSCO with different levels. According to the knowledge reserve
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and usage habits of PSCO, the inspection model is divided into primary mode and
advanced mode. In the primary mode, PSCO inspect the items exactly according to
the checklist generated by the system, and then completes the inspection report step
by step according to the system hints. In advanced mode, PSCOs decide the items to
be checked by themselves, and the inspection report can be filled directly in the
portable terminal. The primary mode is for trainees and the advanced mode is for
experienced inspectors

(6) The team leader is responsible for the inspection. An inspection team can be
composed of more than one person. By default, the leader ranks first in the system,
who is responsible for assigning inspection tasks, summarizing and reviewing
deficiencies, and issuing inspection reports. The group leader will assign the
inspection items to the team members. After the inspection, the team members will
input the found deficiencies respectively, which will be reviewed and confirmed by
the group leader after integrating.

(7) Information default. For selected ships, the information in the report defaults to
the information of last inspection, so that the repetitive information does not need to
be entered again. The system will provide a prominent reminder for information that
clearly needs to be updated. For key information such as ship's name, flag country,
classification society and management company details, if one of them changes, the
system should be able to prompt other relating information for confirmation.

(8) Intelligent audit. The system can intelligently analyze the input data, set the
"Check" button to automatically verify the rationality and accuracy of the data, and
remind the PSCOs whether the data needs to be modified or rechecked. In addition, it
can also automatically hint whether the inspected ship has any deficiencies that have
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not been follow-up inspected in the last 24 months, so as for PSCOs to carry out
necessary actions during this inspection. This will also effectively improve the rate of
follow-up inspection.

(9) Statistical analysis to assist decision making. The intelligent statistical analysis
function is set in the PC side to conduct a comprehensive analysis on the inspection
quantity, inspection quality, deficiencies distribution, flag state and recognized
organization distribution of substandard ship, and the specific inspecting field that
PSCO is good at, so as to provide auxiliary decision- making for foreign ship
supervision and PSCO team management.

4.5.3 Existing problems

At present, the PSC assistant system of Jiangsu Maritime Safety Administration is
still in the stage of design improvement and trial operation. In this process, there are
some problems that affect part of functions realization of the system.

The first problem is about data exchange. Due to the consideration of the security of
maritime law enforcement data, the intranet collaborative management platform uses
internal network of China maritime department, and its database is relatively closed.
At present, PSC assistant system still belongs to the external network system, so
there are obstacles in the data exchange between the two different network system,
resulting in the hysteretic data exchange, affecting the efficiency of the system and
the accuracy of query results.

The second problem is about the working mechanism. In the aspect of software
system development, the functional needs of the system were proposed by the law
55

enforcement personnel from maritime department according to the actual inspection
situation, while the specific computer program writing and realization are completed
by a third-party software design company. In the communication section, there will
be a certain degree of information loss. Because the software engineers have limited
knowledge about PSC inspection, and that leads to the gap between the realization of
the final function of the system and the original design intention. In addition, the
scale of users is relatively small in the trial operation stage, so it is difficult to obtain
a large number of operating data only by relying on a few members of the develop ing
team to carry out the function test. This makes it inefficient in finding and solving
problems of the system.

The third is about limitations of hardware equipment. Although the system mainly
relies on the software system to realize its design functions, the hardware equipment
still affects the overall operation effect of the system to a great extent, such as the
bandwidth of network communication, the data processing capacity of the
background server, the performance standards of the handheld mobile terminal, etc.

Chapter 5 Conclusions and suggestions
5.1 Conclusions

To sum up, the development of PSCO intelligent decision support system is
necessary for the PSC inspection in China at the present stage, and also feasible in
terms of technical realization. The design of the system is put forward on the basis of
comprehensive and objective analysis of the PSC inspection status in China. The
purpose of the system is to solve the existing problems in China's PSC inspection,
such as low efficiency, excessive reliance on personal experience, weak pertinence
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and low quality of inspection, and to point out the direction for comprehensively
improving the inspection efficiency of China's PSC. At the same time, based on the
comprehensive reference of related literature at home and abroad and the
development situation of the similar supporting systems, this paper brings up with
the design description for the system framework and function, with the consideration
of the PSC practical demand and the requirements of on-site inspection procedures.
Then PSC assistant system of Jiangsu Maritime Safety Administration is chosen as
the case analysis to verify the realization of designed functions of the PSCO
intelligent decision support system.

Due to the limited space, this paper focuses on studying and analyzing the key
technologies and functional architecture of PSCO intelligent decision support system,
and does not carry out specific computer programming and code demonstration.
However, the realization of the designed functions is verified through the analysis
and comparison of PSC assistant system of Jiangsu Maritime Safety Administration.
In addition, the global outbreak of novel corona virus has a huge impact on shipping
currently, PSC inspection in some regions and countries has nearly stopped, or has
been carried out in the form of remote PSC inspection. That seems a bit inappropriate
to make the discussion of PSCO intelligent decision support system now, because it
may not be used in this special moment. However, as vaccination efforts continue to
be made around the world, it is believed that the epidemic will be effectively
controlled in the near future, and PSC inspection will return to the normal pattern.
Therefore, the research and design of PSCO intelligent decision support system is
still very necessary.
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5.2 Suggestions

The PSCO intelligent decision support system will be used as an assistant tool for the
competent authority's law enforcement department, although it is still in the research,
design and trial operation stage. In order to ensure that the system can achieve all the
design functions and better play the expected role, the following problems should be
paid attention to in the subsequent system improvement and application promotion:

First, focus on top- level design. The system is designed to unify the inspection
standards and improve the inspection efficiency, so it is necessary for the national
Maritime Safety Administration to develop a unified standard nationwide and
promote its application. This will not only lead to a better realization of the system’s
designed purpose, but also enable the database to accumulate a large number of
inspection data, further improve the optimization of the algorithm model through the
mining of big data, and improve the accuracy of the inspection checklist predicted by
the system. In addition, attention should also be paid to the data communication
between internal and external network systems, on the basis of ensuring the security
of data exchange, to break through the communication barriers between the
databases and different network systems.

Second, improve the working mechanism. The development and maintenance of
information system is a long-term work. After the completion of the development
and design work in the early stage, the maintenance and update in the later stage are
more important. Therefore, a long-term working mechanism should be established in
terms of the supplement and update of conventions and regulations, the improvement
of system functions and the troubleshooting. In addition, adequate guarantees should
be provided in terms of funds and personnel.
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Third, enrich functions of the system. Based on the current technical developments,
the preliminary design of the system only realizes part of the decision support
functions of inspection. With the continuous maturity of the application of big data
and artificial intelligence in the maritime field, and the gradual establishment of
various maritime inspection databases, the application of artificial intelligence
technology will be optimized based on the existing functions of PSCO intelligent
decision support system in the future, and the application effect of big data
technology in the prediction of inspection will be improved. In addition, VR
technology can also be considered in the training function, so that PSCO can
simulate the real ship boarding inspection in a virtual reality 3D environment, and
improve the training effect and shorten the training cycle of PSCO.

Fourth, expand regional influence. Continuously promote the domestic application
promotion, function optimization and upgrading of the system. On the basis of
extensive and mature application domestically, we will gradually share advanced
experience and practices internationally by submitting proposals to regional and
international organizations such as Tokyo MOU and IMO, and gradually expand the
application scope of PSCO intelligent decision support system. Further promote the
coordination and unification of PSC inspection in the global scope, and improve the
safety and environmental protection level of shipping.
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